1728-1793) was a Scotsman who spent his professional life in London and always has been associated with the London school of surgeons of the latter half of the 18th century.
Its many editions reached the Continent and America shortly after its first issue and exerted a tremendous influence on the surgical management of blood vessels in wounds and in surgical interventions which involved them.
The following is the important chapter on which much subsequent experimental surgery on the vascular system was based. It is taken from the first American edition, published by Thomas Bradford of Philadelphia in 1796, only 2 years after its original printing.
Because of its length and the impossibility of editing Hunter's concise and meaty writing without spoiling his thought and development of the subject, it will appear complete in this and the following issue of Clinical Orthopaedics, both of which are concerned with vascular surgery. E.M.B.
III. OF THE STRUCTURE OF ARTERIES
THE arteries in an animal, as far as we can examine them, are endowed with the property of elasticity, the use of which we perceive in the action of those parts; and this power is at all times demonstrable, while the muscular has been by some overlooked, by others denied, and has only been asserted by others as appearing necessary by reasoning from analogy.
The quantity of elasticity in any artery, on which an experiment can be made, is easily ascertained, as it only requires the application of an opposing force, to prove both its power and extent. But it will appear from experi-ment, that the power varies according to the distance from the heart, being greatest at the heart; while probably the extent may be the same in every artery.
To endeavour to ascertain the elasticity of arteries, I made comparative experiments on the aorta and pulmonary artery. Having cut off a portion of about an inch in length from the ascending aorta, at half an inch above the valves, and having slit it up, it measured, transversely, two inches and three quarters, but when streched to its full length, three inches and three quarters, having gained rather more than one third, and having required a force equal to the weight of one pound ten ounces to produce this effect. A similar section was made of the pulmonary artery in the same subject, which measured two inches one half, transversely; and when subjected to trial in the same manner, was stretched to three inches and an half, being rather more in proportion than the aorta; so that the pulmonary artery appears to have rather more elasticity than the aorta. It is not impossible that this difference might arise from the aorta having lost some of its elasticity by use; for although I chose for my experiment the arteries of a young man, where I conceived them to be perfectly sound, yet if there could have been any diminution of the elasticity from use, it would be most considerable in the aorta.
These experiments were made on different arteries with nearly the same result, and seemed to prove that there was almost the same extent of elasticity, though not the same powers.
An artery being composed of an elastic and inelastic substance, its elasticity is not altogether similar to that of a body which is wholly elastic. There is an effect produced from stretching it that is expressive of the nature of both these substances, till it gives way or breaks; for an artery has a check to its yielding to so great a degree, and is stopt at once, when stretched to a certain point*, which check is occasioned probably by the muscular, together with the internal inelastic coat.
To prove the muscularity of an artery, it is only necessary to compare its action with that of elastic substances.
Action in an elastic body can only be produced by a mechanical power; but muscles acting upon another principle, can act quickly or slowly, much or little, according to the stimulus applied; though all muscles do not act alike in this respect.
If an artery is cut through or laid bare, it will be found that it contracts by degrees till the whole cavity is closed; but if it be allowed to remain in this contracted state til after the death of the animal, and be then dilated beyond the state of rest of elastic substances, it will only contract to the degree of that state; this it will do immediately, but the contraction will not be equal to that of which it was capable while alive.
The posterior tibial artery of a dog being laid bare, and its size attended to, it was observed to be so much contracted in a short time as almost to prevent the blood from passing through it, and when divided, the blood only oozed out from the orifice.
On laying bare the carotid and crural arteries, and observing what took place in them while the animal was allowed to bleed to death, these arteries very evidently became smaller and smaller.
When the various uses of arteries is considered, such as their forming different parts of the body out of the blood, their performing the different secretions, their allowing at one time the blood to pass readily into the smaller branches, as in blushing, and at another preventing it altogether, as in paleness from fear; and if to these we add the power of producing a diseased increase of any or every part of the body, we cannot but conclude that they are possessed of muscular powers.
The influence of the heart in the body, like that of the sun in the planetary system, we know extends to every part; all the parts of the vascular system being supplied according to the necessity it has, though every part is not equally endowed with power, or disposition to make use of that power.
The arteries, upon the whole, may be said to possess considerable living powers, and to retain them for a long time. This is evident when we observe what must happen in transplanting a living part of one body with an intention that it should unite with another body and become a part of it: the part transplanted must retain life till it can unite so as receive its nourishment from that into which it has been inserted. It is however to be supposed, that in such situations, life can be retained longer than in others, although it is well known that it is preserved in the vascular system, even when there is no colateral assistance. I found in the uterus of a cow, which had been separated from the animal above twenty-four hours, that after its having been injected and allowed to stand another day, the larger vessels were become much more turgid than when I first injected them, and that the smaller arteries had contracted so as to force the injection back into the larger. This contraction was so obvious that it could not but be observed at the time, which was forty-eight hours after the separation from the body of the animal.
This shews too the muscular power of the smaller arteries to be superior to that of the larger, and that it is probably continued longer after the separation from the body; a property which the involuntary muscles possess to a degree greater than the voluntary, in the former of which classes the muscular structure of the arteries is to be considered.
To ascertain how long the living power existed in an artery after separation from the body, perhaps, to speak more properly, after that communication with the body was cut off, by which we have reason to suppose life to be continued in a part, I made the following experiments, for which I chose the umbilical arteries, because I could confine the blood in them, and keep them distended for any length of time. In a woman delivered on the Thursday afternoon, the naval string was separated from the foetus; if was first tied in two places and cut between, so that the blood contained in the chord and placenta was confined in them.
The placenta came away full of blood; and on Friday morning, the day after, I tied a string round the chord about an inch below the other ligature, that the blood might still be confined in the placenta and remaining chord. Having cut off this piece, the blood immediately gushed out, and by examining the cut ends of the chord, I attentively ob-served to what degree the ends of the arteries were open; and the blood having now all escaped from this portion, the vessels were left to contract with the whole of their elastic power, the effect of which is immediate.
Saturday morning, the day after this last part of the experiment, having examined the mouths of the arteries, I found them closed up, so that the muscular coat had contracted in the twenty-four hours to such a degree as to close entirely the area of the artery. That same morning I repeated the experiment of Friday, and on Sunday morning observed the result of this second experiment to be similar to that of the former.
On this morning, Sunday, I repeated this experiment the third time, and on Monday observed that the result had not been the same as before, the mouths of the arteries remaining open; which shewed that the artery was become dead.
There was but little alteration perceived in the orifices of the veins in all the experiments.
These experiments shew that the vessels of the chord have the power of contraction above two days after separation from the body.
Having given a general idea of muscular action, including muscular relaxation, together with the union of the muscular and elastic power in an animal, I shall now apply them to the arteries.
There are three states in which an artery is found, viz. the natural previous state, the stretched, and the contracted state which may or may not be previous.
The natural previous state is that to which the elastic power naturally brings a vessel which has been stretched beyond or contracted within the extent which it held in a state of rest.
The stretched is that state produced by the impulse of the blood in consequence of the contraction of the heart; from which it is again brought back to the natural state by the elastic power, perhaps assisted by the muscular.
The contracted state of an artery arises from the action of the muscular power, and is again restored to the natural state by the elastic. It has been shewn that certain muscles have both a voluntary and involuntary contraction, and that in some of these the involuntary action having brought the part to a necessary position, supports it in that state till it be either necessary for the muscle to relax, or for the voluntary action to take place; instances of which I have given in the sphincter muscles.
I shall now endeavour to shew that the arteries have a middle state; but that in them the power of bringing the coats into a certain position and sustaining them in it, is not the effect of a muscular but of an elastic power; and that the muscular action, both in contraction and relaxation, is involuntary.
In parts endowed with considerable elastic powers, although not apparently muscular, as many arteries, but which we yet know from other modes of information to be possessed of muscular power, elasticity is so combined as to produce a middle or natural state, by acting to a certain degree only as an elongater of the muscular part of some of its actions*.
These two powers, muscular and elastic, are probably introduced into the vascular system of all animals, the parts themselves being composed of substances of this description, together with a fine inner membrane, which I believe to be but little elastic, and this membrane is more apparent in the larger than in the smaller ramifications; although when we consider the construction and use of the arteries, we must at once see the necessity of their having these two powers; yet in the greatest number it is impossible to give clear occular demonstration of the existence of distinct muscular fibres. But still, as arteries are evidently composed of two distinct substances, one of which is demonstrably elastic, and we know them likewise to be certainly endowed with the power of contraction peculiar to a muscle, it is reasonable to suppose the other substance to be muscular; I shall endeavour also to prove its existence in such vessels, from their having a power of contraction in the action of death.
As the human body is always alluded to in this account, I shall found my experiments and observations on such animals only as have a similar structure, as in other animals, as the turtle, alligator, &c. we can plainly discern muscular fibres, the insides of the arteries and veins being evidently fasciculated with them.
Every part of the vascular system is not equally furnished with muscular fibres, some parts being almost wholly composed of the elastic substance; such as the larger vessels, especially the arteries, in which, were they equally muscular with the smaller vessels, the existence of muscular fibres might be more easily proved. Neither does the elastic substance equally prevail in every part, for many, especially the smaller arteries, or what have been called, the capillary vessels, appear to be almost entirely muscular; at least I am led to think so by my observations and experiments on that subject. From these I have discovered that the larger arteries possess little muscular powers, but that as they recede from the heart towards the extremities, the muscular power is gradually increased, and the elastic diminished. Hence I imagine there may exist a size of vessels totally void of elasticity; but this I should conceive to be in the very extremities only. For it is to be observed, that every portion of an artery, of a considerable length, is capable of assuming the middle state, which must be referred to the elastic power.
The greatest part of the arterial system evidently appears to be composed of two substance, which structure is most remarkable in the middle sized arteries, where the two substances are more equally divided, and where the size admits a visible distinction of parts. The best method to see this is to cut the vessels either across or longitudinally, and to look upon the edges that have been cut.
If the aorta be treated in this way, we shall find that though it appears to be composed of one substance, yet towards the inner surface it is darker in colour, and of a structure which differs, although but in a small degree, from that of the outer surface.
If we proceed by this mode of investigation, following the course of the circulation, we shall find that the internal and external parts become evidently more distinguishable from each other: the internal part which is darker, but with a degree of transparency, begins almost insensibly in the larger vessels, and increases proportionably in thickness, as the arteries divide, and of course become smaller, while the external, being of a white colour, is gradually diminishing, but in a greater degree, according to the diminution of size in the artery, and of the increased thickness of the other coat, so that the two do not bear the same proportion to each other in the small arteries, as in the larger.
The disproportion, however, between them appears greater than it really is, some deception arising from the greater muscular power, possessed by the smaller arteries, in consequence of which the inner coat will be more contracted, and therefore seem thicker. This circumstance alone makes the difference of thickness between the whole coats of a large artery, and those of a small one, appear less than it really is; accordingly we find the coats of the humeral artery in the horse apparently thicker than the coats of the auxillary, the coats of the radial as thick as those of the humeral, and the artery near the hoof as thick in its coats as any of the others. There is yet another circumstance which also deserves attention in comparing the two coats, namely, that in many places, but especially at the surfaces of contact in the elastic and muscular substances of the middle sized arteries, the fibres of the muscular and elastic are very much blended or intermixed. I mention this, because otherwise we might be led to draw false conclusions, with regard to the comparative quantity of each substance; and, because it explains by what means both these coats are made elastic.
The external coat, however, is more so than the internal, being composed almost entirely of elastic substance, while the internal has a mixture of muscular with its elastic fibres. As there is, therefore, a difference in the elastic power of the two coats, there must be a difference in their powers of contraction after death; for instance, the external coat contracting more than the internal, and also, as there is a difference between the muscular and elastic powers of contraction, the muscular having the greatest, there must have been a difference between the contracting powers of these two coats during life, but contrary to that which takes place after death.
In those arteries, which are evidently composed of two distinct substances, especially in the smaller, we may observe two very opposite appearances, according as the elastic or muscular coats have contracted most. In the one, when we make a transverse section, and look upon the cut end, we may observe that the inner surface has been thrown into rugae, so as to fill up the whole cavity; and if such an artery be slit up longitudinally, so as to expose its inner surface, we shall find that inner surface forming wrinkles, which are principally longitudinal. If the finger is passed over that surface, it feels hard, while the external is soft; but if the artery be stretched, and allowed to recover itself by its elasticity, which is the only power it now has, it will be felt equally soft on both surfaces, and its coats will be found to have become thinner than before. On the contrary, I have observed in many of the smaller arteries, when the muscular contraction has been considerable, the external or elastic coat to be thrown into longitudinal inequalities, from not having an equal power of contraction with the muscular, an artery under such circumstances being to the touch as hard as a cord. But if the muscular contraction be destroyed by stretching, or passing something through the artery, then it becomes very soft and pliant, and the muscular coat having once been stretched, without having the power of contracting again, is thrown into irregularities by the action of the elastic.
The elastic coat of an artery is fibrous, and the direction of its fibres is principally transverse or circular; but where a branch is going off, or at the division of an artery into two, the direction of the fibres is very irregular. I cannot say that I have found any fibres which are to a great degree oblique or longitudinal, a circumstance that shews their simple elasticity to be equal to the intention or use, a transverse or circular direction of fibres not being the most advantageous for producing the greatest effect*. They are also elastic laterally, from the direction of their fibres, which property shortens the artery when elongated by the blood; and I believe the muscles have little share in this action; the whole of which tends to shew that the elastic power is equal to the task of producing, and really does produce the natural state of the artery. What the direction of the muscular fibres may be, I never could discover, but should suppose them oblique, because the degree of contraction appears greater than a straight muscle could produce, in which light a circular muscle is to be considered, *This is a principle in mechanics so well known, that it need not here be explained; we find it happily introduced in the disposition of muscles in various parts of the body. as its effects are in the direction of its fibres; for either the diameter or the circumference of the artery will decrease in the same proportion, but not the area, which will decrease in proportion to the square of the diameter.
We should naturally suppose that where the action of the heart is strong, elasticity is the best property to sustain its force; and that where the force and elasticity are well proportioned, no mischief can ensue. Where the force, therefore, of the heart is greatest there is a degree of elasticity, which yields with reluctance, and constantly endeavours to oppose and counteract that force.
From these active powers of an artery, together with a foreign power, viz. the blood acting upon them in a manner somewhat similar to the common action of fluids in canals, protruding their contents, we may perceive that there are three actions which take place, all of them, operating in concert with each other, and producing one ultimate effect.
As the filling of the cavity of an artery produces an extension of its coats in every direction, the arteries are endowed with the elastic power, which, by contracting in all directions, may bring the vessels back again to their natural state.
The action of the muscular power being principally in a transverse direction, tends, when the artery is extended, to lessen its diameter, and assist the elastic power; but as its quantity of contraction is superior to that of the elastic power, it does or may contract the artery within what the latter could effect. When the muscular action ceases, elasticity will be exerted to dilate the vessel and restore it to a middle state again, becoming the elongater or antagonist of the muscular coat, and by that means fitting it for a new action as described in other parts of the body. This will be most evident in the middle sized vessels; for in the smaller, the proportion of elastic substance is not so considerable, and therefore it will contribute less to the dilatation of the vessel, when the muscular coat relaxes. Yet we must suppose that no vessel, even to its very extremity, is ever entirely collapsed; but that it possess an elastic power sufficient to give it a middle state. Although these differences do not in all cases bear the same proportion to the size of the artery, yet we must conclude there is in the arteries themselves a certain regular proportion preserved; and I am inclined to believe, that this is in some degree in an inverse proportion to the decrease of size, presuming at the same time that the muscular power increases in the same proportion. A vessel is stretched beyond its natural state, first by the force of the heart, and in succession by the first order of vessels; then it is that the elastic power is exerted to contract the vessel, and restore it to the natural size; and in the performance of this it will be more or less assisted by the muscular power, according to the size of the vessels; least in the larger, and most in the smaller vessels, as was observed above.
There appears to be no muscular power capable of contracting an artery in its length, the whole of that contraction being produced by the elasticity. For in a transverse section of an artery, made when the muscles of the vessel are in a contracted state, it may always be observed, that the external or elastic coat, immediately contracts longitudinally, and leaves the internal or muscular projecting; which would not be the case if there was a longitudinal muscular contraction, equal to the elastic; and were not the quantity of muscular contraction greater than the elastic there would be no occasion for muscles.
Another proof of this is, that if a piece of contracted artery be stretched transversly, or have its area increased and be allowed to recover itself, it loses a part of its length. To understand this it will be necessary to know that muscular fibers, by contraction, become thicker, and in proportion corresponding with the degree of contraction in the muscle.
The thickening in the muscle of a horse was found to be an increase of one fourth part of thickness to one third of a contraction*; from which it follows, that the more the muscular fibres of any vessel contract, the more the vessel is lengthened; but destroy the muscular contraction by dilating the artery, and the elastic power, which acts in all directions, will immediately take place and restore the vessel to its proper size; which is a proof that the effect of the lateral swell, produced by the muscular contraction, is greater than that of the longitudinal elasticity of the artery.
If we examine how much the vessel has lost of its length in this trial, we shall find it will amount to about one twelfth of the whole; a proof that the internal coat does not contract so much longitudinally by its muscular power, as the external does by its elasticity. By multiplying such experiments we have further proofs that the power of muscular contraction acts chiefly in a circular direction; for in a longitudinal section of an artery in its contracted state, the internal coat does not project as in a transverse section, both coats remaining equal, or rather indeed the elastic coat projects beyond the other, from the internal muscular coat having contracted most. But if this section be stretched transversely, the external coat then contracts and leaves the internal most projecting; because the internal or muscular has now no power of contraction. If the transverse extention be repeated, and to a greater degree, the artery, when allowed to recover itself, will have its inside turned outwards, as well as bent longitudinally, having the inside of the artery on the outside of the curve, and often *This calculation is not accurate; for in the experiments made to discover if the muscle lost of its size in the whole when contracted, I found it hardly did; therefore what it lost in length, it must have acquired in thickness. bringing the two ends together; but this is easily accounted for, as by the transverse extention of the artery its muscular contraction is destroyed, it becomes pliant, and the only resistance to the elastic power on this side being removed, it is allowed to exert itself to its utmost extent. In doing this it bends the section in a longitudinal direction, which also inclines us to believe, that the external part of the elastic coat, is the most elastic.
These experiments not only prove that the muscular power of an artery, acts chiefly in a transverse direction; but also, that the elastic power exists almost entirely in the external coat, and therefore that the internal coat must be the seat of the muscular power.
EXPERIMENTS on the arteries of a horse bled to death.
To ascertain the muscular power of contraction in the arteries, and determine the proportions which it bears to their elasticity, I made the following experiments upon the aorta, iliac, axillary, carotid, crural, humeral, and radial arteries of a horse.
In this animal the muscles were all allowed equally to contract, and therefore we might reasonably presume that the vessels (at least such of them as were furnished with muscles) would also be contracted, the stimulus of death acting equally upon muscles in every form, and every situation. The animal had also been bled to death, so that the vessels had an additional stimulus to produce contraction in them; as we know that all vessels in animals endeavour as much as possible to adapt themselves to the quantity of fluid circulating through them.
As I supposed the larger arteries had less of this power than the smaller, and that perhaps in an inverse proportion to their size, in order to ascertain that fact, and also to contrast the two powers, I made my first experiments upon the aorta and its nearest branches; continuing them on the other branches as these became smaller and smaller.
The arteries were taken out of the body with great care, so as not in the least to alter their texture, or state of contraction.
The experiments were made in the following manner: I took short sections of the different arteries, slit them up in a longitudinal direction, and in that state measured the breadth of each, by which means as I conceived, I could ascertain their muscular contraction; then taking the same sections and stretching them transversely, I measured them in that state, which gave me the greatest elongation their muscular, and elastic powers were capable of. As by this extention I had entirely destroyed their muscular contraction; whatever degree of contraction they exerted afterwards must, I believe, have been owing to elasticity. Having allowed them to contract, I again measured them a third time in that state, and thus ascertained three different states of vessels, between which I could compare the difference either in the same or different sections, so as from the result to deduce with some degree of certainty the extent of these powers in every size of vessel. I say only with some degree of certainty; for I do not pretend to affirm that these experiments will always be exact; circumstances often happening in the body which prevent the stimulus of death from taking place with equal effect in every part. I have accordingly seen in the same artery some parts wider than others, even when the more contracted parts were nearest the heart, and this merely from a difference of action in the muscular power; for when that was destroyed by stretching, the parts contracted equally in both.
Experiment I. A circular section of the aorta ascendens when slit up and opened into a plane, measured five inches and a half; on being stretched, it lengthened to ten inches and a half; the stretching power being removed, it contracted again to six inches, which we must suppose to be the middle state of the vessel. Hence the vessel appeared to have gained by stretching half an inch in width or rather circumference, which may be attributed to the relaxation of its muscular fibres, whose contraction must have been equal to one-eleventh part; six inches being the natural size, or most contracted state of the elastic power.
Experiment II. A circular section of the aorta at the origin of the first intercostal artery, measuring four inches one-fourth, extended by stretching to seven inches and one-half; it contracted again to four inches and one half, and therefore gained one-seventeenth part.
Experiment III. A circular section of the aorta at the lower part of the thorax, on being stretched, and being allowed to contract again gained one-tenth part.
Experiment IV. A circular section of the iliac artery, measuring two inches, when stretched and allowed to contract again, measured two inches and four-twelfths, and therefore gained one-sixth. Experiment V. A circular section of the axillery artery, measuring one inch, when stretched and contracted again, measured an inch and one-eight, therefore gained oneeighth.
Experiment VI. A circular section of the carotid artery, measuring six-twelfths of an inch, when stretched, measured sixteen-twelfths and one-half; and when contracted again, ten-twelfths; therefore had gained two-thirds. Experiment VII. A circular section of the crural artery, measuring ten-twelfths, when contracted after being stretched, measured one inch and two-twelfths, therefore gained one-third.
Experiment VIII. The humeral artery, near the joint of the elbow, in a contracted state, was thicker in its coats than the axillary; the circumference of the artery in that state being seven-twelfths and one-half; after being stretched and contracted again, it measured nine-twelfths, therefore gained one-third and one-half. Experiment IX. A circular section of the radial artery being taken, was found so contracted as hardly to be at all previous; and the coats, especially the inner, much thicker than even the humeral: when slit up it scarcely measured three-twelfths of an inch; when stretched, and allowed to contract again, six-twelfths; therefore gained threetwelfths of an inch, which was about the whole contraction of the artery.
To see how far this power of recovery in the same artery took place at different distances from the source of the circulation, I made the following experiments on the spermatic artery of the bull; and likewise, on the artery of the fore-leg and penis. The spermatic artery, near the aorta, when stretched longitudinally, recovered perfectly the former length; when stretched transversly, it likewise recovered perfectly. About the middle, when stretched transversly, it gained one-twelfth. Upon the testicle a portion separated; when stretched transversly gained one-fourth, which was its muscular power.
The humeral portion of the artery of the fore-leg, when stretched transversly, and also longitudinally, recovered entirely.
The artery of one hoof, or rather finger, when stretched transversly, gained one-twentieth, when stretched longitudinally it recovered perfectly; which one-twentieth was the muscular power.
The artery of the penis, when stretched longitudinally, or transversly, recovered itself perfectly. This artery is considerably more elastic longitudinally than the others, but not more transversly. This increased elasticity in the longitudinal direction may be intended to allow of the difference in the length of the penis at different times.
From these experiments we see that the power of recovery in a vessel is greater in proportion as it is nearer to the heart; but as it becomes more distant it lessens; which shews the decrease of the elastic, and the increase of the muscular power.
EXPERIMENTS on the power of arteries to contract longitudinally.
To prove that arteries do not produce the same power of muscular contraction in a longitudinal, which they do in a transverse direction, the following experiments were made: Experiment I. A longitudinal section of the aorta ascendens, measuring two inches, when stretched and allowed again to contract, measured the same length.
Experiment II. A longitudinal section of the aorta descendens at the lower part of the thorax, of a given length, after having been stretched, contracted exactly the same length.
Experiment III. Two inches of the same carotid artery used in the sixth experiment, when stretched longitudinally, recovered itself, so as not to be longer than before the experiment.
Experiment IV. A portion of that humeral artery used in the eighth of the former experiments was not altered in its original length, when it recovered itself after being stretched.
These experiments appear to be decisive, and prove that the muscular power acts chiefly in a transverse direction; yet it is to be observed that the elastic power of arteries is greater in a longitudinal than in a transverse direction. This appears to be intended to counteract the lengthening effect of the heart, as well as that arising from the action of the muscular coat; for the transverse contraction of that coat lengthens the artery, therefore stretches the elastic, which again contracts upon the diastole of the artery.
From the account we have given of those substances which compose an artery, we may perceive it has two powers, the one elastic and the other muscular. We see also that the larger arteries are principally endowed with the elastic power, and the smaller with the muscular, that the elastic is always gradually diminishing in the smaller, and the muscular increasing, till, at last, probably, the action of an artery is almost wholly muscular; yet I think it is not to be supposed but that some degree of elasticity is continued to the extremity of an artery; for the middle state cannot be procured without it; and I conceive the middle state to be essential to every part of an artery. Let us now apply those two powers of action; or, to speak more properly of re-action, with their different proportions in the different parts of the arterial system. From these we must suppose the elastic to be best fitted for sustaining a force applied to it, such as the motion of the blood given by the heart, and propelling it along the vessel: the muscular power, most probably, is required to assist in continuing that motion, the force of the heart being partly spent; but certainly was intended to dispose of the blood when arrived at its place of destination; for elasticity can neither assist in the one nor the other; it is still, however, of use through the whole to preserve the middle state. Elasticity is better adapted to sustain a force than muscular power; for an elastic body recovers itself again, whenever the stretching cause suspends its action; while muscles endeavour to adapt themselves to circumstances as they arise. This is verified by different sorts of engines whose pipes are made of different metals. A pipe made of lead will, for instance in time dilate and become useless*; whereas a pipe of iron will react on the fluid, if the force of the fluid be in proportion to the elastic power of the iron; but the lead having little or no elasticity whenever it is stretched, it will remain so, and every new force will stretch it more and more. We are therefore to suppose that the force of the heart is not capable of stretching the artery so much as to destroy its elasticity; or in other words, the force of the heart is not able to dilate the artery beyond the contracting power. As the motion of the blood is mechanical, elasticity is best adapted to take off the immediate force of the heart; and, as we go from the heart, this property becomes less necessary; because in this course, the influence of the heart is gradually lessened, by which means a more equal motion of the blood is immediately produced, and even in the first artery a continued stream is at all times obtained; although it is considerably increased by each contraction of the heart. Without this power the motion of the blood in the aorta would have been similar to what it is in its passage out of the heart, and would have been nearly the same in every part of the arterial system. For though the motion of the blood out of the heart be by interrupted jerks, yet the whole arterial tube being more or less elastic, the motion of the blood becomes gradually more uniform from this cause. Elasticity in arteries acts like a pair of double bellows; although their motion be alternate, the stream of air is continued; and if it were to pass through a long elastic pipe, resembling an artery, the current of air would be still more uniform. The advantage arising from elasticity in the arterial system, will be more complete in the young subject than in the old; for in the latter, the elasticity of the arteries being very considerably diminished, more especially in the larger trunks, where the force of the heart ought to be broken, the blood will be thrown into the second and third order of vessels with increased velocity. In the young, the current is slower, from the re-action of the elastic power during the relaxed state of the heart, whereas as the heart, the motion is equal to the contraction of the heart; and as the heart is probably twice the time relaxing that it is in contracting, from this cause alone we may suppose the whole is two thirds less in the smaller vessels. As elastic bodies, I have already observed, have a middle state, or state of rest, to which they return after having been dilated or contracted by any other power, and as they must always be acted upon before they can re-act, the use of elasticity in the arterial system will be very evident. It is by this means that the vessels are adapted to the different motions of the body, flexion and extension; so that one side of an artery contracts while the other is elongated; and the canal is always open for the reception of blood in the curved, stretched, or relaxed state.
The muscular power of an artery renders a smaller force of the heart sufficient for the purpose of circulation; for the heart need only act with such force as to carry the blood through the larger arteries, and then the muscular power of the arteries takes it up, and, as it were, removes the load of blood while the heart is dilating. In confirmation of this remark, it is observable in animals whose arteries are very muscular, that the heart is proportionably weaker, so that the muscular portion of the vessels becomes a second part to the heart, acting where the power of the heart begins to fail, and increasing in strength as that decreases in power. Besides, it disposes of such part of the blood as is necessary for the animal oeconomy, principally in growth, repair, and secretions. At the extreme ends of the arteries, therefore, we must suppose that their actions are varied from that of simply conveying blood, except those arteries which are continued into veins. *This accounts for the size of aneurisins whose coats must have lost their elasticity before they could be dilated.
